Abstract. This paper proposes a novel routing algorithm called AELAR for wireless sensor networks to meet QoS requirements: energy conservation and data delay reduction. Firstly, we propose a novel method of dividing routing request zone and construct a select equation which can enlarge the energy awareness as network time goes on. We make the routing request zone and factors in select equation changed automatically. Simulation results show that AELAR outperforms traditional algorithms in the performance of network lifetime, utilization and consumption balancing of energy and data delay.
Introduction
Sensor nodes in Wireless sensor networks (WSNs) have resource constraints which include limited energy, processing capacity, storage, communication range and bandwidth [1] . These unique features have raised special problems that must be solved while designing routing protocols. For instance, in some applications, routing algorithms must meet QoS requirements such as energy conservation and data delay reduction. Some routing algorithms (e.g., [2] , [3] , [4] ) limit the routing search to request zones to reduce the cost of flooding. Geographical routings (e.g., [5] , [6] ) use greedy forwarding mechanisms to forward packets. GPSR [7] is such an efficient, classic algorithm. But GPSR is based on a single metric. GEAR [8] uses energy aware metric, together with geographical information, to make routing decisions. However, the energy balancing strategy in GEAR increases the average path length.
With the progress on the semiconductor technology, wireless sensors' capabilities of computation, storage may not be limitations in future. However, how to consume energy efficiently is still one of the most challenging problems in WSNs' researches [9] . The main goals of the research presented in this paper are to:
Prolong the network lifetime of WSN to deliver more packets; Balance the energy consumption of nodes and achieve energy conservation;
Find the routing path as short as possible to reduce data delay. The rest of the paper is organized as follows: Section 2 describes the network system. Section 3 presents our proposed algorithm. Section 4 demonstrates the effectiveness of AELAR via simulations. Finally, section 5 gives concluding remarks.
The Network System Model
To simple the question, we assume that all sensors are homogeneous. They have the same ability of communication and the radius of communication is r. They know their neighbors' and their own location information by location services, e.g., Ad hoc Positioning System with Angle of Arrival [10] . We also assume that there is only one sink in the WSN. Besides, we give the follow definition for our research:
Distance level. For a given sensor node n i , let d id is the distance from node n i to the sink, the distance level of node n i , d l , is defined as
Where, m is the distance level dividing standard. It can be determined by special applications. The distance level can indirectly indicate the distance from the sink.
Adaptive Energy and Location Aware Routing
In this section, we present a novel method of dividing routing request zone and construct a select equation which can be adjusted according to nodes' distance levels.
Ellipse-shape Routing Request Zone and Density Self-adaptation
We employ the virtual coordinates [11] to identify the routing request zone. In Fig.  1(a) , given the node I, letting O be the origin, the virtual coordinates of a neighboring node (e.g. J), (x j ', y j '), can be calculated by the following equations:
In AELAR, we define the routing request zone as the overlap area of an elliptic region and a disk. In fig.1 (b) , the shallow area shows the proposed routing request zones. Letting d ij be the distance form node I to node J, the node I can use (3) to learn whether a neighboring node locates in its routing request zone. 
From Fig.1 (b) , we can find that ellipse parameter a and b (especially, b) have great impact on the size of routing request zone. To simplify the discussion, we assign the value of a as transmission radius r. However, we must take seriously the value of b because it has the most important effect on the size of routing request zone. According to geometric knowledge, the value of y' of the neighboring nodes which are closer from the sink than the node I is limited by the inequality:
Where, d id is the distance from the node I to the sink. We hope that the nodes which have long distance from the sink can forward data packets as soon as possible and the nodes near the sink have more options to choose the next hop, so that the nodes near the sink can better balance the energy consumption. To make the node I can adjust the value of b according to its location, we make node I determine the value of b as:
Where,δ is determined by the distance level and the transmission radius of each node. Only the neighboring nodes that locate in the routing request zone are considered to be next-hop candidates in AELAR.
The Select Equation
To select an appropriate node as the next hop for forwarding data packets, AELAR strikes a balance between residual energy and distance metrics. We use the natural logarithm function for residual energy level to enlarge the residual energy difference among neighboring nodes. Letting e r be the residual energy of a neighboring node J and e i be the initial energy of node I. Then, the node J's select factor f j is defined as
In above select equation, α and β are the weight factors of energy consumption ratio and distance ratio. In AELAR, we make the nodes adjust their weight factors automatically according to their distance levels. In WSNs, the nodes closer to the sink usually carry out more forward tasks. We hope these nodes consider more distance factor so that the total energy consumption is lower. AELAR selects the neighboring node that not only locates in the routing request zone but also has the greatest value of f j as the next hop. The energy effect on the above equation will drastically increase if the residual energy of the node is too low. So, nodes with too low residual energy will be difficult to be chosen as the next hop in the route discovery, which is helpful to balance the energy expenditure.
Simulation and Analysis
We investigated the AELAR's performance by comparing it with traditional GPSR and energy-aware GEAR. We also optimized our algorithm (AELAR-O) with the method in [12] to confirm that the paths discovered by AELAR are almost as short as possible. Fig.2(a) shows that number of packets delivered by AELAR is more than GPSR and GEAR during the network lifetime. From Fig.2(b) and Fig.2(c) , we can learn that AELAR successfully achieves energy efficiency and has lower energy deviation because the nodes' energy differences is exaggerated by logarithmic function. Fruthermore, owing to the use of the adaptive mechanism, we learn that AELAR almost has the same average path hop as GPSR from Fig.2(d) , which is beneficial to the data delay reduction while considering energy conservation.
